Two experiments were conducted to evaluate the effect of prenatal testosterone treatment in combination with postnatal steroid implantation (Exp. 1) and to assess the effect of time of prenatal testosterone treatment in conjunction with postnatal steroid implantation (Exp. 2) on animal performance and carcass characteristics. In Exp. 1, seventy-six pregnant cows were assigned randomly to a control group or implanted with testosterone propionate ('I") (P < .OS) due to prenatal testosterone treatment (P) and 16.4% (P < .05) by postnatal steroid implantation 0. Feed efficiency was 12.9% greater (P < .OS) due to P and 9.5% greater (P < .05) due to I. Prenatal testosterone treatment decreased (P c .05) kidney, pelvic and heart fat and final yield grade but increased (P < .05) ribeye area of heifers. Heifers had greater (P < .07) liver weights per unit of carcass weight due to P. In Exp. 2, one hundred seventy-four pregnant cows were assigned randomly to a control group or implanted with TP silastic implants on d 42,63,84 or 105 of gestation. Half the heifer and steer calves were selected randomly to be implanted on d 1 and 112 of the feedlot trial.
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Time of P caused a quadratic effect (P c .OS) on birth weight of heifers. There was a quadratic effect (P c .05) of time of P on daily gain and final weight per day of age of heifers. Feed efficiency of heifers was improved (P < .05) due to P. Postnatal steroid implantation increased (P < .05) daily gain and feed efficiency of heifers by 9.6% and 8.6%, respectively. No changes were observed in growth performance of steers due to P. Results from these two trials suggest that the Combination of prenatal testosterone treatment and postnatal testosterone and estradiol implantation produced an additive improvement of daily gain, feed efficiency and carcass merit of heifers. (Key Words: Prenatal Period, Testosterone, Implantation, Heifers, Steers.) I. Anim. Sci. 1990. 68:219&2207 introduction function (Gorski and Jacobson, 1981) . Sensitivity of the central nervous system to the changes throughout early life. There appears to steroids Play an organizational effects of gonadal hormones producing sex differences in neuroendocMe be a developmental period of time-during which the brain is most susceptible to these
The mechanism by which postnatal growth and development is regulated in domestic meat animals is very complex. The endocrine system plays an important part in this regulatory control of growth (Spencer, 1985) . Postnatal manipulations of the endocrine status of animals have been shown to modify the growth patterns of protein and fat deposition in cattle and sheep (Galbraith and Topps, 1981; Muir et al., 1983) . On the other hand, recent evidence has established that altering the prenatal steroid environment of ewes and heifers produces a change in postnatal growth rate and composition (DeHaan et al., 1987 (DeHaan et al., , 1988 Jenkins et al., 1988) . However, Hamernik et al. (1987) revealed that prenatal testosterone propionate treatment of heifers changed genital structures but caused no changes in subsequent postnatal body growth. Jansson et al. (1985) disclosed that neonatally androgenized female rats have increased weight gain and masculinized hepatic steroid metabolism. In ruminants, no specific critical time period for prenatal testosterone treatment has been identified to achieve the improvements in performance and carcass merit of females that occurs due to prenatal androgenization. Additionally, no work has been done to examine the consequences of combining prenatal testosterone and postnatal steroid implantation treatments. Therefore, two experiments were conducted to evaluate the effects of prenatal testosterone treatment in combination with postnatal steroid implantation and the effect of time of prenatal testosterone treatment on animal performance and carcass composition.
Materials and Methods
Testosterone propionate (TP) implants used in both experiments were made of a medical grade silastic tubing3 with an inside diameter of .635 cm and an outside diameter of .953 cm. Implants were 15 cm in length and contained approximately 2.25 g TP. The TP implants provided an average secretion rate of 37.8 mg TP per day (Kesler, 1987) . In both experiments, four implants were subcutaneously inserted behind the shoulder and over the dorsal aspect of the rib cage of the pregnant cow. Implants were removed three weeks prior Experiment I. Seventy-six pregnant Simmentalcross and Angus-cross cows were assigned randomly to a control group or implanted with approximately 9 g 'IT between d 40 and 80 of gestation.
Following weaning at 203 f 12 d, blood samples were collected from all bull calves. Plasma testosterone levels were determined using a validated enzyme immunoassay (Kesler and Gibson, 1986) . AU bull calves then were castrated and paired testicle weight data were collected after removal of the epididymis, leaving the tunica albuginea intact. Anogenital distance of all heifers was measured as the distance between the anal and vaginal openHalf the heifers were selected randomly to be implanted with 200 mg TP plus 20 mg estradiol benzoate (EB)4; half of the steers were implanted with 200 mg progesterone plus 20 mg EB on d 1 and reimplanted on d 85 of the feedlot trial.
Eight implanted, treated heifer; eight nonimplanted, treated heifec nine implanted, treated steer and eight nonimplanted, treated steer calves from TP-implanted cows, and eight implanted, control heifer; nine nonimplanted, control heifer, nine implanted, control steer and nine nonimplanted, control steer calves from nonimplanted cows were utilized.
Calves were p e~e d within treatment groups with one pen per treatment group. Calves were fed a 14% CP cracked comammoniated corn cob basal diet supplemented with soybean meal and com gluten meal (Table 1) for a period of 84 d. For the remainder of the feedlot trial, calves were fed a 12.5% CP finishing ration (Table 1) . Both the growing and finishing diets were balanced to meet or exceed the NRC (1984) requirements for CP, Ca, P, K, trace minerals and vitamins. Four Pinpointer 4000B Feeders5 and four "imitation" pinpointer feeders were utilized to measure individual feed intakes. Cattle were rotated between the two types of feeders at 2-wk intervals. Individual feed intakes were recorded using the Pinpointer Feeders, and pen feed intakes were morded from the "imitation" feeders during the 2-wk periods. Individual feed intakes from "imitation" feeders were estimated by multiplying the individual's percentage of intake from the Pinpointer Feeders by total intake from "imitation" feeders. All cows used in this experiment had been estrus-synchronized with Syncro-Mate B7 and bred by artificial insemination. Cows then were pasture-exposed to bulls for a 6 0 4 period. Simmental-cross cows were bred to Angus bulls, and purebred Angus and Angus-cross cows were bred to Simmental bulls. Detection of pregnancy was performed by rectal palpation beginning at 42 d following Calves were penned within sex and postnatal implantation groups. Heifers were placed in six pens and steers were put into four pens. Calves were fed' a 14% CP growing diet similar to that fed in Exp. 1 (Table 1) (Table 1) . Both diets were balanced to meet or exceed NRC (1984) requirements for CP, Ca, P, K, trace minerals and vitamins. Five Pinpointer 4000B Feeders and five "imitation" pinpointer feeders were utilized to measure individual feed intakes.
The protocol used in Exp. 1 was used to determine individual 14-d feed intakes from the Pinpointer and "imitation" feeders. Individual weights were recorded at 28d intervals.
As in Exp. 1, a fat thickness end point of 1.2 cm was selected; as cattle reached this end point, they were weighed on two consecutive days and removed from the feedlot trial. Cattle were slaughtered at a commercial slaughter plant and, at 24 h postmortem, carcasses were evaluated for quality and yield grade traits by USDA personnel (USDA, 1975) .
In Exp. 1, birth and weaning weight, paired testicle weight, testosterone concentration and anogenital distance data were analyzed as a completely randomized design using the GLM procedure of SAS (1986). Age at weaning was used as a covariate in the analysis of weaning weight, paired testicle weight and testosterone concentration of bull calves and weaning weight and anogenital distance of heifer calves. Growth performance and carcass measurement data were analyzed within sex using the GLM program of SAS (1986) for a 2 x 2 factorial design. In previous studies, heifers have consistently responded differently than steers to prenatal testosterone implants. Model sums of squares were divided into prenatal testosterone and postnatal steroid implantation treatment main effects and the prenatal testosterone x postnatal steroid implantation interaction, In Exp. 2, birth weight and paired testicle weight at birth or weaning within sex were analyzed by one-way analysis of variance using the GLM program of SAS (1986). Weaning weight of heifers was analyzed by one-way analysis of variance. Weaning weights of male calves were analyzed as a 5 x 2 factorial with time of prenatal testosterone treatment and castration at birth being the main effects. Sums of squares for time of prenatal testosterone treatment (d 42 to 105) effects were separated further into single degree of freedom contrasts for linear, quadratic and cubic effects. All possible meaningful comparisons were made between treatment group means using the PDIFF function of SAS (1986). Age at weaning was used as a covariate in the analysis of weaning weight of heifer, steer and bull calves and paired testicle weight of bull calves at weaning. Feedlot performance and carcass merit data were evaluated within sex using the GLM procedure of SAS (1986) for a 5 x 2 factorial design.
Model sums of squares were separated into time of prenatal testosterone treatment and postnatal steroid implantation treatment main effects and time of prenatal testosterone treatment x postnatal steroid implantation interaction. Sums of squares for time of prenatal testosterone treatment (d 42 to 105) effects were separated further into single degree of freedom contrasts for linear, quadratic and cubic effects. All possible meaningful comparisons were made between treatment group means using the PDWF function of SAS (1986).
Results and Dlscussion
The number of calves finishing the feedlot trials is less than the number of cows allotted to the various treatments due to death loss, illness during the feedlot trial, failure to adapt to the Pinpointer Feeders and a limited number of Pinpointer Feeders. Experiment 1. Birth weights of treated bulls were lower (P < .OS) than birth weights of control bulls and treated heifers exhibited a nunsignificant (P > .lo) 2.8-kg decrease in birth weight compared to control heifers (Table 2) . We observed a similar decrease of birth weights of treated individuals in previous work with cattle (DeHaan et al., 1988) and sheep (Deet al., 1987) . Similar results were reported in sheep by Short (1974) . No differences were observed in weaning weights of treated heifers and bulls compared to controls ( Table 2) . No differences were noted in paired testicle weights of treated and control bulls ( Table 2) . However, treated bulls had lower (P < .05) plasma testosterone concentrations than control bulls did. Perhaps, prenatal testosterone treatment delays puberty in males.
Treated heifers displayed a greater (P c .05) anogenital distance than did control heifers ( Table 2 ). An increased anogenital distance also was observed in ewes treated with testosterone during prenatal development (DeHaan et al., 1987). Hamemik et al. (1987) reported an increase in anogenital distance of heifers exposed to testosterone propionate during early fetal development. Additionally, treated heifers exhibited a masculine urination posture and voiding pattern. Similar results were noted in sheep by Short (1974) .
Feedlot average daily gain of heifers was increased 10.4% (P e .08) due to prenatal testosterone treatment (P) and increased 16.4% bC bulls differ from T bulls (P < .OS).
' C heifers differ from T heifers (P < .OS).
(P < .05) by postnatal steroid implantation (I; Table 3 ). Rate of gain was 27.4% greater for P and I heifers than for heifers receiving neither treatment (data not shown). There tended to be an interaction (P < .08) of P and I on daily gain of steers ( ahnatal testosterone effect (P < .08). %plant effect (P < .05). chnatal testosterone effect (P < .OS). %A = weight per day of age. aRenatal testosterone x Implant effect (P < .a).
bplant effect (P < .05).
'WDA = weight per day of age.
slaughter of heifers and steers was not affected (P > .lo) by either P or I. Hot carcass weight of heifers was increased (P < .08) by I.
Adjusted fat thickness measurements at the 12th rib were determined according to total carcass fat distribution by USDA personnel. No differences were observed in fat thickness measurements of heifers and steers due to P or I. Percentage of kidney, pelvic and heart (KPH) fat was reduced (P < .05) by P and I in heifers and by I (P < .05) in steers. Ribeye area (REA) per unit of carcass weight of heifers and steers was increased (P < .05) due to P. Final yield grade was decreased (P < .05) by P in heifers and lowered (P < .05) in steers due to P and I. Marbling score of heifers and steers was not changed by P and I. Liver weight per unit of carcass weight of heifers was increased (P < .07) by P. An increase in liver weight in heifers due to prenatal androgen exposure also was reported in our previous studies (DeHaan et al., 1988) . Experimenr 2. Time of P had a quadratic effect (P < .08) on birth weight of heifers ( Table 7) . Heifer calves initially treated on d 42 of prenatal development had heavier (P < .05) birth weights compared with the other treatment groups. Birth weights of bull calves decreased linearly (P < .lo) due to time of P (Table 8) . Time of P tended to cause a cubic effect (P < .lo) on weaning weight of heifers (Table 7) . A quadratic effect (P < .05) was ?(pH = kidney, pelvic and heart fat. f~ = ribeye area.
seen in weaning weights of bulls and steers due to time of P (Table 8) . Furthermore, the time of P x castration interaction effects were not significant (P > .lo). Therefore, no changes occurred in weaning weights of bull calves due to time of P whether the bull calves were castrated at birth or at weaning. There was a linear effect (P c .05) of time of P on paired testicle weights of bull calves at weaning. Performance data of heifers and steers are presented in Tables 9 and 10, average daily gain by 9.6% and feed efficiency by 8.6% in heifers. Time of P did not influence (P > .lo) any growth performance factors measured in steers. However, I increased (P c .05) daily gain by 19.0%, feed intake by 9.3%, feed efficiency by 7.8% and final WDA by 13.9% in steers.
Carcass data of heifers and steers are presented in Tables 11 and 12 . There was a quadratic effect (P c .05) of time of P on age at slaughter of heifers. Heifers initially treated on d 42 of fetal development were younger (P c .05) than the other treatment groups at BQuadratic effect of time of treat men^ (P i .08). bCubic effect of time of treatment (P < .lo). c . d~~~ in same row not having a common letter in their superscript differ (P < ,051. The physiological mechanisms of action by which animal performance and carcass composition are improved due to prenatal testosterone treatment are not known. One possible mechanism is that the growth hormone (GH) profile of the heifers treated prenatally w i t h testosterone is altered in a manner to cause an improvement in rate and composition of gain. Jannson et al. (1985) reported that neonatal androgenization of female rats increased maximum and decreased minimum levels of GH, which ultimately generated an increase in their subsequent postnatal body weight gain. Gronowski and Trenkle (1989) indicated that gender has a significant effect on plasma GH %near &ect of time of treatmeat (P < .05). bQuadratic effect of t i m e of treatment (P < .05).
'Implant effect (P < .m). d~~ = s m a~~ zero; 200 =modest zero. %F'H = kidney, pelvic and heart fat.
'REA = ribeye area. g f i~e a n~ is same row not having a common letter in their superscripts differ (P < .MI. 
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Tinear effect of time of treatment (P < .Os). b p l a n t effect (P < .05).
'100 = small zero; 300 =moderate zero. k P H = kidney, pelvic and heart fat. %A = n i e area '*gMeans in same row not having a common letter in their superscripts differ (P < .05).
and insulin-like growth factor I concentrations in cattle. They reported that bulls possess greater mean plasma GH and insulin-like growth factor I concentrations than do steers and heifers. Therefore, the prenatal testosterone environment of cattle also may have an important imprinting effect on subsequent postnatal GH concentrations. In Exp. 1, prenatal testosterone treatment improved daily gain, feed efficiency and carcass merit of heifers. Postnatal steroid implantation also increased growth rate and feed efficiency of heifers. Lack of an interaction implies that the combination of these two treatments had additive effects of growth performance and carcass traits of heifers. In Fkp. 2, results indicated no consistent pattern in alterations of growth performance or carcass characteristics due to time of prenatal testosterone treatment. Therefore, we suggest that the critical time for prenatal testosterone treatment is a broad period of time up to d 105 of fetal age. In addition, results from Exp. 2 indicated M e r that the combination of prenatal testosterone and postnatal steroid implantation treatments have additive effects on daily gain, feed efficiency and carcass merit of heifers.
lrnpllcations
Efficiency of heifers for producing carcass beef can be improved by prenatal testosterone treatment. Furthermore, it appears that the combination of prenatal testosterone and postnatal steroid implantation treatments yields an additive improvement of daily gain, feed efficiency and carcass characteristics of heifers. Positive responses in growth rate and gain per unit of feed occurred even when the heifers were fed to a constant fat thickness end point.
